1. Introduction
===============

Cardiovascular disease (CVD) is one of the main concerns of public health ([@b1-epj-09-5894]) and the major cause of disability worldwide ([@b2-epj-09-5894]). This disease causes 30 percent of all deaths in the world ([@b3-epj-09-5894]) and by 2030 this rate will increase from 17.5 in 2010 to 23 million in 2030 ([@b4-epj-09-5894]). In Iran, cardiovascular disease is the first and most common cause of death in all ages and in both genders ([@b5-epj-09-5894]). This disease causes 700 to 800 deaths (more than 39% of all deaths) in Iran each day ([@b6-epj-09-5894], [@b7-epj-09-5894]). Since cardiovascular disease involves many complications as well as high care expenditure for the patients, it has been considered as the main burden of diseases among non-communicable diseases ([@b6-epj-09-5894]); therefore, health organizations need a preventive population-based method to prevent this disease ([@b1-epj-09-5894]). Although cardiovascular disease is multifactorial ([@b8-epj-09-5894]), extensive research has shown that most of the deaths caused by cardiovascular diseases were due to obstruction caused by arteriosclerosis ([@b9-epj-09-5894]). However, in the population aged from 15 to 64 years, diet was ranked as the first factor of 10 health risk factors and burden of disease in Iran ([@b10-epj-09-5894]). On the other hand, the positive effect of increased intake of fruit and vegetables, and reduced consumption of salt, sugar and trans fatty acids on cardiovascular disease, has been reported in several studies ([@b11-epj-09-5894]--[@b14-epj-09-5894]). Therefore, many of these risk factors can be prevented through health education and promotion programs. Health education and health promotion models are used to change the behavior. Models form the basis for educational interventions. One of the health education and promotion models that is able to predict the effective factors on behavior change or performance is the PRECEDE model ([@b15-epj-09-5894]). This model is designed based on the principles of epidemiology, health education and health management, and is a comprehensive planning model for health promotion and life quality and includes four assessment phases: 1) Social diagnosis; 2) Epidemiological, behavioral & environmental diagnosis; 3) Educational & ecological diagnosis; 4) Administrative & policy diagnosis that the third phase including three main constructs (predisposing, reinforcing, and enabling), is the hallmark of this model ([@b16-epj-09-5894]). According to Green's definition, predisposing factors are those that make motivations for behavior, and include knowledge, attitude, and perceived self-efficacy. Reinforcing factors and enabling factors are those that strengthen or weaken the continuation of a behavior and make it possible for individuals to change their behavior, respectively ([@b17-epj-09-5894]). Since the PRECEDE model is a comprehensive model; it can be used in different fields ([@b18-epj-09-5894]). Various studies have shown that this model had impact on correction of eating behavior ([@b19-epj-09-5894]) and promotion of life quality ([@b20-epj-09-5894]), and is very effective compared with other models. In the previous studies performed on students, enabling factors such as access, and mothers' choice as well as facilitating factors, had correlation with consumption of healthy foods in the week before the study ([@b21-epj-09-5894]). However, due to the important role of the family, behavior of the general public could not be predicted based on the behavior of adolescents; therefore, the results obtained from the study could not be generalized to the whole of society. Also, in previous studies on predicting factors of fruit and vegetable intake, a significant and direct correlation between all the constructs of this model and also with the performance of participants, was reported, and according to the results, the main predicting factors of fruit and vegetable intake were reinforcing factors, enabling factors, and knowledge, respectively ([@b22-epj-09-5894]). In another study, predisposing factors such as belief in low-fat diet and high perceived self-efficacy in both genders, had the strongest correlation with lower fat intake ([@b23-epj-09-5894]). Inconsistencies in results and poor predictability of the previous studies have encouraged the researchers to perform the present study. The aim of this study was to determine the effective factors on eating behavior in the prevention of cardiovascular diseases and promotion of community health, based on the PRECEDE model.

2. Material and Methods
=======================

2.1. Research design and sampling
---------------------------------

This cross-sectional study was performed in Kerman, in 2015. According to the previous studies ([@b20-epj-09-5894], [@b22-epj-09-5894]), approximate r was considered as equal to 0.2, and Fisher scale transformation was calculated (c) equal to 200. By multiplying this number (200) in 1.5 (design effect), the sample size was estimated as equal to 350, and considering the exclusion of 10% of participants, the final sample size was determined as 400. In this study, participants were selected using multistage random sampling. In order to enhance the accuracy of the results, the city was divided into five regions: North, South, East, West, and Center. Two health centers were randomly selected from each region; therefore, 10 health centers were selected for the study. Then, 40 residents (20 men, 20 women) under the care of each health center were selected using cluster sampling method. The inclusion criteria were aged 20 to 60 years, Iranian nationality, and sufficiently literate to complete the questionnaire. The exclusion criteria included aged younger than 20 years and over sixty years, having cardiovascular diseases (according the participants record), lack of reading and writing skills, and not having permanent residence in Kerman.

2.2. Data Collection Tools
--------------------------

In this study, data were collected using a self-administrated questionnaire consisting of three parts:

### **2.2.1.** Part 1

The first part included demographic characteristics (age, gender, marital status, education, occupational status, number of family members, family history, and knowledge about their health status).

### **2.2.2.** Part 2

The second part was based on the constructs of the PRECEDE model and included:

1.  Predisposing factors included knowledge, attitude, and perceived self-efficacy factors; knowledge consisted of 14 questions including three choice options of correct, incorrect, and do not know (the total score ranging from zero to 28), 15 questions related to attitude (such as attitude towards the effect of diet on cardiovascular health) and were based on a 5-point Likert scale (strongly agree, agree, neither agree nor disagree, disagree, strongly disagree), the total score ranging from zero to 30, and 6 questions related to perceived self-efficacy (such as I can use low-sodium foods), the total score ranging from zero to 12 and were based on a 5-point Likert scale (strongly agree, agree, neither agree nor disagree, strongly disagree).

2.  Reinforcing factors consisted of 6 questions based on a 5-point Likert scale (very high to very low) with the total score ranging from zero to 12, such as "encouragement of family and friends to consume healthy foods".

3.  Enabling factors consisted of 8 questions based on a 5-point Likert scale (very high to very low) with the total score ranging from zero to 16, such as "income adequacy to buy fruit and vegetables".

### **2.2.3.** Part 3

The third part included 8 questions related to eating behaviors that predict cardiovascular diseases based on a 5-point Likert scale (always to never) with the total score ranging from zero to 16, such as "consumption of high-fat dairy products or high-sodium foods in the last week".

2.3. Validity and reliability of the instrument
-----------------------------------------------

The questionnaire validity was confirmed by a panel of experts (6 experts of the health department and nutrition department). To assess the content validity of the questionnaire, a pilot study was conducted prior to conducting the main project. The pilot study participants comprised of 30 subjects, who were included in the main study. Its reliability was confirmed by Cronbach's alpha and test-retest. We also estimated the internal consistency of the questionnaires ([Table 1](#t1-epj-09-5894){ref-type="table"}). The questionnaire was completed by the trained interviewers who went to the participants' homes.

2.4. Data Analysis
------------------

Data were analyzed using descriptive statistics (measures of central tendency, distribution, frequency, and percentage) by IBM© SPSS© Statistics version 22 (IBM© Corp., Armonk, NY, USA) and Stata 12. For data analysis, Spearman correlation coefficient, univariate and multiple median regression were performed. By analysis of artificial neural networks, predictive power of the model constructs was determined. Given the relatively acceptable sample size (n=368), skewness and kurtosis parameters were used to test the normality of the data. Due to the high values of these indexes (\>1 and \<-1) distribution of data was not normal; therefore, the median regression was used in STATA. The effect of demographic variables on the questionnaire constructs was investigated using univariate median regression, then using backward method and multiple median regression, the final results were obtained. Also, using a 3-layer neural network including one input layer with five neurons (knowledge, attitude, perceived self-efficacy, reinforcing factors, and enabling factors), one hidden layer, and one output layer (behavior) and also using Gaussian distribution or radial, the behavioral factors were predicted and the effect of variables on eating behaviors was determined.

2.5. Ethics of research
-----------------------

Participants were informed that participation was completely voluntary. No name was recorded on the questionnaires (No. 52923).

3. Results
==========

Of 400 samples collected, 32 individuals (8%) were excluded (due to having any of the exclusion criteria) and 368 were included in the study. The average age of participants was 35.7±11.45 years and the mean body mass index was 25.3±5.1 kg/m2. Most of the participants were women (54.9%) and married (67.9 %). More than half of them (54.6%) had a family history of diseases such as diabetes, hypertension, cardiovascular and cerebrovascular diseases. Almost half of them (49.7%) had not undergone any check up in the past year. Also, about half of the participants (54.3%) have academic education and the rest (45.7%) had elementary and secondary education. The highest and lowest scores, mean, and standard deviation of all constructs of the questionnaire were shown in [Table 2](#t2-epj-09-5894){ref-type="table"}, In order to compare the constructs of the questionnaire, the scores of each scale were transformed into 0--100 scales. In this table, zero was considered as the lowest score and 100 as the highest score. Among all the constructs, knowledge (84.15±10.7) had the highest and attitude, (47.84±7.67) the lowest average. The relationship between all variables and eating behavior was positive and significant. As shown in [Table 3](#t3-epj-09-5894){ref-type="table"}, perceived self-efficacy had the most, and reinforcing factors the least correlation with eating behavior. Final results about the effect of demographic variables on the questionnaire constructs using multiple median regression backward method, were shown in [Table 4](#t4-epj-09-5894){ref-type="table"}. As shown in [Table 4](#t4-epj-09-5894){ref-type="table"}, knowledge had a significant correlation with age and number of family members. The attitude and perceived self-efficacy scores of women were higher than those of men and perceived self-efficacy score of individuals who were aware of their health status was 8.33 higher than others. The relationship between enabling factors and knowledge of health status was positive and significant. In general, eating behavior and performance of the participants had a significant correlation with age, and women's eating behavior was better than that of the men. [Figure 1](#f1-epj-09-5894){ref-type="fig"} shows the significance of each variable ([Table 5](#t5-epj-09-5894){ref-type="table"}) in preventive behaviors of cardiovascular disease using artificial neural network. As shown in [Table 5](#t5-epj-09-5894){ref-type="table"} and [Figure 1](#f1-epj-09-5894){ref-type="fig"}, attitude, perceived self-efficacy, and enabling factors were respectively significant predictive factors for choosing preventive behaviors of cardiovascular diseases.

4. Discussion
=============

This was one of the first studies that assessed the effects of eating behaviors for preventing cardiovascular disease; psychosocial and environmental factors based on a theoretical framework; and determined predictive factors of eating behavior using artificial neural network. The aim of this study was to determine the effective factors of eating behaviors in the prevention of cardiovascular diseases in the community. The results showed that in both genders aged 20 to 60 years, attitude, perceived self-efficacy, and enabling factors were respectively the main predictive factors of eating behaviors in participants. It was also revealed that knowledge score of the population was good but the score of eating behavior was intermediate. Although it was revealed that information and education in this field was desirable, behavior of the population was not according to their eating knowledge, thus weak relationship between eating knowledge and behavior was reported, which was consistent with the results of similar studies ([@b21-epj-09-5894], [@b23-epj-09-5894]--[@b25-epj-09-5894]). Considering the average education level of the population, access to print and electronic scientific resources, media, and social networks, the knowledge level of the population was high. But analysis of population behavior showed that merely education and enhancing knowledge level of the population could not be effective in promotion or maintenance of a behavior. The results of this study showed that knowledge score of the population was desirable, which was consistent with the results of the previous studies ([@b22-epj-09-5894], [@b23-epj-09-5894]), but merely promotion of knowledge was not the main effective factor on eating behavior, and perceived self-efficacy and reinforcing factors more effectively increased healthy behaviors. Therefore, considering the gap between knowledge and performance, health providers are recommended to more effectively improve attitudes, perceived self-efficacy, and enabling factors. In this study, the low score of attitude was inconsistent with similar studies ([@b24-epj-09-5894], [@b26-epj-09-5894]). This inconsistency may be due to different demographic characteristics (such as considering both genders, different age groups, and heterogeneous participants from different regions of the city) of the population studied in this study compared with that of other studies. On the other hand, attitude was one of the main factors in predicting the eating behavior, which was consistent with the results of other studies ([@b24-epj-09-5894], [@b27-epj-09-5894], [@b28-epj-09-5894]). Attitude is a mental and emotional entity that is affected by the family and society; therefore, by focus on the family and social environments, attitude of the individuals can be effectively affected. The results of this study showed that attitude followed by perceived self-efficacy, was the second predictive factor, in choosing the eating behavior; therefore, health providers are recommended to change and improve the attitude of the community. According to the results of this study, the score of perceived self-efficacy was intermediate. However, in many cross-sectional studies, perceived self-efficacy was not investigated, which was the strengths of this study compared to the similar studies. In the study of Tabasi et al. ([@b29-epj-09-5894]), the score of perceived self-efficacy was less than the average score, which was inconsistent with the results of this study. However, considering some differences in the study of Tabasi et al. ([@b29-epj-09-5894]) such as age of the participants (high school students), lack of confidence in their abilities, and dependence on parents, comparison of its results with those obtained from the present study that its participants were mostly employed and independent is not rational or precise. The results of this study showed that perceived self-efficacy was the main effective predictor of choosing eating behavior. Given that the study population were mature and had relative autonomy, score of perceived self-efficacy of them was expected to be higher than that of other age groups. Perceived self-efficacy refers to people's beliefs about their capabilities to produce designated levels of performance which can be improved by practice and organizing skills, beliefs about ability to perform skills, and management of different situations. To improve the perceived self-efficacy of the population, it is necessary to perform some interventions with an emphasis on training practical skills. Therefore, health providers are recommended to perform effective interventions to improve perceived self-efficacy of the population. According to the results, the score of reinforcing factors was intermediate, which was consistent with the Heshmati study ([@b22-epj-09-5894]). Enabling factors were significantly affected by the social environment, peers, and family, and it could be improved by group training and workshops to train family and friends. Unfortunately, the effect of the media on eating behavior was not investigated in this study, which might be one of the supposed limitations of this study. Given the important role of the media, studies on its effect will provide different results. In this study, the score of enabling factors was intermediate while in previous studies ([@b22-epj-09-5894]), was low. This inconsistency can be justified due to financial independence and income of the population in this study. Higher social conditions and economic level were the main effective factors on selection of individuals and facilitating their access to existing resources. Although the relationship between all variables and eating behavior was weak, they were significant in this study, which was inconsistent with the results of previous studies ([@b26-epj-09-5894]). In the study of Tabasi et al. ([@b29-epj-09-5894]), no statistically significant relationship between physical activity of women, predisposing factors (attitude and knowledge), or reinforcing factors was reported. This inconsistency may be due to different types of studies and population. Analysis of artificial neural network showed that attitude, perceived self-efficacy, and enabling factors were respectively the main predicting factors for eating behaviors in both genders. At the same time, the score of eating behavior had positive and significant relationship with age. The score of eating behavior in men was less than those in women. According to the obtained results, the scores of women's knowledge, attitude, perceived self-efficacy, and eating behavior were higher than those of men, and knowledge about health status was the main factor affecting the scores of perceived self-efficacy and enabling factors.

5. The Strengths and Limitations
================================

This study was theory-based and performed on an acceptable population with a wide range of ages and genders. Using multiple median regression and artificial neural network based on a theoretical framework, was another strength of this study. However, there were some limitations, which included collecting data through interview. Multistage random sampling (which considered all regions of the city, the wide range of social and cultural diversities, education level, age groups, and genders) was applied, and distribution of the data was not normal. In addition, ignoring the role of social networks and media as a reinforcing factor for eating behavior was another limitation of this study.

6. Conclusions
==============

According to the results of this study, knowledge level of the community was good; and self-efficacy, attitude, and enabling factors were the main predictors for eating behaviors. To prevent cardiovascular disease and enhance healthy eating behavior, it is recommended to change the attitude, and enhance self-efficacy and enabling factors in the community. We also suggest to conduct future studies assessing other effective risk factors (smoking and physical activity), and other factors affecting choosing preventive behavior. The obtained results could help experts, researchers, and health decision-makers for planning health behavior interventions.

This article was part of the thesis submitted by the senior author for the degree of Master of Science (M.Sc.) and registered in Social Determinants of Health Research Center. Therefore, the author would like to express gratitude to Kerman University of Medical Sciences, the School of Health, the Department and Head of Health Education and Promotion, supervisors, advisors, and all people who participated in this study and helped her to perform the study.

iThenticate screening: September 04, 2017, English editing: October 22, 2017, Quality control: December 11, 2017

**Conflict of Interest:**

There is no conflict of interest to be declared.

**Authors' contributions:**

All authors contributed to this project and article equally. All authors read and approved the final manuscript.

![Significance of the questionnaire constructs in eating behavior using artificial neural network](EPJ-09-5894-g001){#f1-epj-09-5894}

###### 

Result of Cronbach's alpha and intraclass correlation coefficients

  Structures questionnaire   Number of the questions   Cronbach's alpha   ICC
  -------------------------- ------------------------- ------------------ ------
  Knowledge                  14                        0.78               0.66
  Attitude                   15                        0.86               0.68
  Perceived Self-efficacy    6                         0.89               0.79
  Reinforcing factors        6                         0.76               0.68
  Enabling factors           8                         0.88               0.76
  Eating behaviors           8                         0.75               0.72

###### 

Measures of central tendency and distribution of the questionnaire constructs

  Structures questionnaire   Minimum   Maximum   Mean±SD
  -------------------------- --------- --------- -------------
  Knowledge                  39.29     100       84.15±10.7
  Attitude                   15        65        47.84±7.67
  Perceived Self-efficacy    12.5      100       59.1±16.57
  Reinforcing factors        16.67     100       60.66±14.01
  Enabling factors           6.25      93.75     56.5±12.91
  Eating behaviors           15.63     100       62.1±14.7

###### 

Correlation of the PRECEDE model constructs with eating behavior using Spearman's correlation coefficient

  Variable                                                 Knowledge                                          Attitude   Perceived Self-efficacy   Reinforcing factors   Enabling factors   Eating behaviors
  -------------------------------------------------------- -------------------------------------------------- ---------- ------------------------- --------------------- ------------------ ------------------
  Knowledge                                                1                                                                                                                                
  Attitude                                                 0.25[\*](#tfn1-epj-09-5894){ref-type="table-fn"}   1                                                                             
  \<0.0001[\*\*](#tfn2-epj-09-5894){ref-type="table-fn"}                                                                                                                                    
  Perceived Self-efficacy                                  0.2                                                0.35       1                                                                  
  \<0.0001                                                 \<0.0001                                                                                                                         
  Reinforcing factors                                      0.1                                                0.04       0.15                      1                                        
  0.63                                                     0.47                                               0.004                                                                         
  Enabling factors                                         0.2                                                0.22       0.4                       0.23                  1                  
  \<0.0001                                                 \<0.0001                                           \<0.0001   \<0.0001                                                           
  Eating behaviors                                         0.21                                               0.4        0.45                      0.12                  0.31               1
  \<0.0001                                                 \<0.0001                                           \<0.0001   0.024                     \<0.0001                                 

The spearman correlation coefficient,

p-value

###### 

The effect of demographic variables on the model constructs using multiple median regression

  The dependent variable                                                     The independent variable                                 The regression coefficient (0.95 C.I.)   p-value
  -------------------------------------------------------------------------- -------------------------------------------------------- ---------------------------------------- ---------
  Knowledge                                                                  Age                                                      0.11 (0.03, 0.2)                         0.005
  Family size                                                                0.8 (0.16, 1.45)                                         0.015                                    
  Attitude                                                                   Sex[\*](#tfn3-epj-09-5894){ref-type="table-fn"} (male)   −3.3 (−6.6, 0.09)                        0.044
  Perceived self-efficacy                                                    Sex (male)                                               −8.33 (−16.6, −0.09)                     0.047
  Knowing your health status[\*\*](#tfn4-epj-09-5894){ref-type="table-fn"}   8.33 (0.17, 16.5)                                        0.045                                    
  Enabling factors                                                           Knowing your health status                               6.25 (0.1, 12.4)                         0.046
  Eating behavior                                                            Age                                                      0.24 (0.04, 0.4)                         0.02
  Sex (male)                                                                 −6.97 (−11.6, −2.34)                                     0.003                                    

Women were considered as reference and men were compared with them;

It means medical checkups (measuring blood sugar, blood lipids, and blood pressure) in last year.

###### 

Significance of the questionnaire constructs in eating behavior

  Variable                  Importance   Normalized percent (%)
  ------------------------- ------------ ------------------------
  Attitude                  0.324        100
  Perceived self-efficacy   0.303        93.5
  Enabling factors          0.266        81.9
  knowledge                 0.093        28.6
  Reinforcing factors       0.014        4.3
